Abstract. Heliospheric energetic particle reservoirs are usually observed in the decay phase of large solar energetic particle (SEP) events when particle intensities measured by widely separated spacecraft (in longitude, latitude and radial distance) present comparable intensities (within a factor of 2-3) that evolve similarly in time. We use near-relativistic electron observations from both the ACE and Ulysses spacecraft throughout solar cycle 23 to determine when and where these reservoirs were observed by these two spacecraft. Particle reservoirs were more prominently observed during the intense active periods of November 2000 and November 2001 when Ulysses was at high (>70 deg) latitudes and at heliocentric radial distances 2.15<r<2.45 AU. However, significant cases were also observed at low latitudes, larger distances and during relatively less intense periods.
INTRODUCTION
Particle intensities measured in the decay phase of large solar energetic particle (SEP) events by widely separated spacecraft (in longitude, latitude and radial distance) often present comparable intensities (within a factor of 2-3) that evolve similarly in time [1, 2, 3, 4, 5, 6, 7, 8] . Periods of small longitudinal particle intensity gradients were first noticed by McKibben [1] . Later, Roelof [2] re-interpreted the Pioneer/IMP observations of Hamilton [9] and demonstrated using magnetic connection calculated from observed solar wind velocities that small intensity gradients in the decay phase of the events can also be observed by spacecraft magnetically connected. This was confirmed in detail for two large events in FebruaryApril 1991 by comparing ~1 MeV proton intensities at Ulysses and IMP-8 for two one-week periods when both spacecraft were magnetically connected but at low heliolatitudes. Roelof et al. [3] suggested that during these periods of negligible field-aligned intensity gradients the inner heliosphere was acting as a reservoir, and hence the name of heliospheric energetic particle reservoirs (HEPRs).
The Ulysses orbit over the poles of the Sun provides us with the opportunity to observe HEPRs at both high and low latitudes. Individual cases of HEPRs at low and high heliolatitudes observed simultaneously by Ulysses and by several in-ecliptic spacecraft at 1 AU have been previously presented in the literature [5, 6, 7] . Here we present a comprehensive survey of the observation of HEPRs by Ulysses and the Advanced Composition Explorer (ACE) throughout solar cycle 23.
The similarity between the HI-SCALE and EPAM instruments [10, 11] on board the Ulysses and ACE spacecraft, respectively, allows us to directly compare particle intensities at the heliospheric locations of both spacecraft. Here we compare 175-315 keV electron intensities at both spacecraft from 1 September 1997 to 31 December 2007 and determine when and where HEPRs were observed for near-relativistic electrons. Figure 1 shows 175-315 keV electron intensities as measured by the DE system of the EPAM and HI-SCALE telescopes on board ACE (black trace) and Ulysses (red trace), respectively. The background intensities in both systems are mostly controlled by the modulated galactic cosmic ray (GCR) intensities, whereas for Ulysses there is also the additional and dominant contribution from the radioisotope thermoelectric generator (RTG). In order to have the same background intensities at both spacecraft, we have subtracted a constant value of 8 electrons (cm 2 s sr MeV) -1 to the Ulysses intensities that takes into account the dominant contribution of the RTG whereas the differences in the GCR intensities from both [12] ). We have scanned ACE and Ulysses 175-315 keV electron intensities looking for those periods longer than 12 hours with similar intensities and evolving similarly in time. The criterion used to determine the similarity between intensities and decays at both spacecraft is as follows. We have averaged the logarithm of the intensity over the selected time intervals and fitted an exponential form J α exp(-t/τ) to the time-intensity profiles during the selected time intervals. We consider that the intensities evolve similarly in time when the characteristic decay times at Ulysses τ ULY and ACE τ ACE differ less than a 30% (these periods are indicated by vertical bars in Fig.1) ; this is our selection criterion for this study. Independently, when the difference in the logarithm of the intensities at both spacecraft averaged over the selected time intervals is less than 3%, we indicate those periods by an orange vertical bar in Fig.1 (or by the letter R); when this intensity difference is larger than 3% we indicate the period by a gray vertical bar in Fig.1 . Strictly speaking, the orange vertical bars are consistent with the definition of the heliospheric energetic particle reservoirs; i.e. similar intensities and similar decay rates (and hence the symbol R in Fig. 1 ). Figure 2 shows the values of τ ACE and τ ULY (top panel) and <lnJ ACE > and <lnJ ULY > (bottom panel) for each one of the time intervals indicated by vertical bars in Fig. 1 . We have considered only those periods where the values of <lnJ> at both spacecraft are larger than 3.4, corresponding to averaged intensities above 3x10 1 electrons (cm 2 s sr MeV) -1 ; i.e. a factor of 2 or more above the background observed from day ~270 of 1999 when GCR intensities started to decrease up to the beginning of 2006 when the GCR intensities increased to levels similar to those observed in early 1999 [12] . Fig. 2 demonstrates that when the decay rates are within 30% of each other (upper panel), the intensities (lower panel) are very similar (within <3% as indicated by the orange dots). 
OBSERVATIONS

Where and When the Heliospheric 175-315
Electron Reservoirs Were Observed Figure 3 shows from top to bottom the Ulysses' heliocentric radial distance (r), heliographic latitude (Λ), and heliolongitude (Φ) with respect to the Earth; the cone angle between the nominal footpoints of the magnetic field lines intersecting ACE and Ulysses (as defined in [13] ); the 175-315 keV electron intensities measured by Ulysses; the solar wind speed measured Fig. 1, respectively) . Fig.1 (circles are the orange time intervals indicated by R in Fig. 1 , whereas triangles are the gray vertical bars in Fig. 1 ).
The solid black symbols in the fourth panel of Fig.  3 show the cone angle (as defined in [13] ) on the day of the onset of the SEP events commonly observed at ACE and Ulysses. Whereas ACE observed sequences or series of SEP events, the events at Ulysses are usually merged or integrated over time. The exceptions are the single injection events observed when Ulysses was at high latitudes and heliocentric radial distances 2.15<r<2.45 AU in November 2000 and 2001 [7] . In general, large SEP events are observed by both spacecraft regardless of either their heliospheric locations or the separation in their cone angle. Possible explanations of the common observation of SEP event onsets at widely separated locations include broad solar sources of particles able to inject SEPs over a wide range of latitudes and/or particle propagation across field lines (e.g. [7] ). Figure 3 shows that the periods of intensities evolving similarly in time (among them HEPRs) are observed at both low and high latitudes, with Ulysses immersed in fast or slow solar wind, at large (~5 AU) or small heliocentric distances, and with wide or narrow longitude separation between ACE and Ulysses. The intense active time interval from July 2000 to January 2002 (with Ulysses at heliocentric radial distances 1.34<r<3.15 AU and including the Ulysses solar maximum fast latitude scan) stands out in terms of the observation of these periods; with a special mention to the period when Ulysses was above 70º in latitude both north and south and at distances 2.15<r<2.45 AU [7] . Fig. 1 shows that those periods of intensities evolving similarly in time are observed late in the events (with an average delay of ~8 days after the main peak at 1 AU and with averaged intensities a factor of ~0.08 lower than the main peak intensity at 1 AU). Isolated intense large SEP injections favor the observation of HEPRs such as in November 2000 and 2001 [7] , because multiple SEP injections usually obscure the observation of HEPRs (e.g. in September 2001 [7] ).
Although not shown here, it is worth commenting that the local observation of the interplanetary counterpart of a coronal mass ejection (ICME) by either of the two spacecraft is not a necessary condition to eventually observe a HEPR. This has been already discussed in several cases [e.g. 5, 7] .
CONCLUSIONS
Possible mechanisms proposed to explain the distribution of energetic particles throughout the heliopshere and the formation of HEPRs include particle propagation across the mean magnetic field [5] , and/or the formation of compressed magnetic field regions beyond the spacecraft locations able to reflect and re-distribute the particles back to the Sun [3, 4] .
From the analysis of Ulysses and ACE 175-315 keV electron observations throughout solar cycle 23 we conclude the following points:
• Figure 1 shows that there is a good correlation between sequences of intense SEP events at ACE and large SEP events at Ulysses regardless of the radial and angular distance between the two spacecraft (see also Fig. 3 ).
• Energetic particles have easy access to a broad range of longitudes and latitudes regardless of the cone angle between the magnetic footpoints of both spacecraft (Fig. 3 ).
• The observation of reservoirs at widely separated locations indicates a global and uniform filling of the 3-D heliosphere (in longitude, latitude, and radial distance).
• Isolated large SEP injections favor the observation of reservoirs such as in November 2000 and 2001 (Fig. 3) . However, multiple SEP injections obscure the observation of reservoirs (e.g. September 2001).
• Although not shown here, we find that the decays simultaneously observed by ACE and Ulysses are not exclusively organized in terms of solar wind speed or energy spectra. Therefore, decay phases are not dominated only by the effects of solar wind convection and adiabatic deceleration. Rather, additional effects such as cross-field diffusion and/or re-distribution of particles from beyond the spacecraft location may be responsible for the formation/observation of energetic particle reservoirs.
